Two series of current measurements made with GEK and drogues arc shown to agree closely, not only in the averaged results of three days' data, but in short-period variations about the mean.
INTRODUCTION
The GEK (Geomagnetic Electrokinetograph, von Arx 1950) has been used extensively in studying the California Current.
The accuracy of an average of GEK mcasurcments over several hours in weak currents has been discussed (Knauss and Reid 1957) . The validity of individual GEK measurcmcnts in a weak current system with large fluctuations in velocity has yet to bc demonstrated in deep water. Von Arx (1950) has compared serial GEK measurcmcnts in the shallow water of Georgcs Bank with predicted tidal currents. IIc has used the results to estimate the effect of the conductivity of the bottom in measurcmcnts of shallow currents which extend to the bottorn. Vaux (1955) has continued this work in the English Channel, comparing his GEK measurements with The Admiralty Tidal Stream data and the set of the ship as determined by the Mecca Navigator system. IIe has derived a corrcction factor for USC in that particular shallow (30 m) area of the English Channel, but notes that further work is needed in the velocity range below one knot. The currents off California arc slow, rarely exceeding a knot. Most of the GEK measurements fall below 30 cm/set. Such currents are difficult to measure by GEK and not easy by any other means. The author has tried at various times to compare the results of dynamic height computations in this region with the drift of drogues. On several of these occasions the GEK has been used. It is the results of one of these attempts which allow the drogue and GEK results to be compared in total drift and variation about the mean.
TIIE DATA
In January of 1952 a drogue was put out in the deep water between Santa Catalina and San Clemcntc Islands, off California (Z'ig. l), and followed for about 66 hours, at which time it was close to Cata3ina and its movement had almost stopped. It was recovered and set out again and followed for about 69 hours. During the t)racking, GEK measurcmcnts were made around the drogue, and frequent hxcs wcrc made of its position both by bearings on the islands and by radar ranges. From their successive changes one would estimate the greatest inaccuracy of t,he positions to be about a quarter milt when the drogue was between the islands and about a half mile as it moved south of San Clementc Island ( In the second the thermocline was hard to locate and the bathythermograph instrument began to give erratic surface values. The second set of thcrmocline measurements may be seriously in error and will not bc discussed further.
THE RESULTS
The velocities measured by the GEK were corrected for the electrode-droop (Knauss and Reid 1957) and compared with the movement of the drogue. In the first case the drogue moved with an average velocity of 5.7 cm/see, while the average of the GEK This is true not only in total drift but in the time variations about the mean (l?igs. 2, 3). On previous trials of short time-series (24 hours) with the GEK, fluctuations of the order of 12-hour period and 10 to 20 cm/set amplitude had been seen, but it was not possible from such scanty data to call these tidal fluctuations nor even accept them as real motion. (Longuet-Higgins et al., 1954 , state that the natural earth-current potentials associated with geomagnetic disturbances which have been observed on land may result in a daily 'variation of perhaps s/4 knot if they obtain in the ocean also.) Longer series of bathythermograph mcasurements (6 days) had shown semidiurnal internal waves in the region (Reid 1956) . Therefore the depth of thermocline was compared (Fig. 4) with the height of tide at the coast, and the east component of current (GEK) with the rate of change of the tidal height (as a rough indication of the shape of the tidal transport current).
The two series are not long enough to confirm the tidal pcriodicities, but the segments show enough similarity to justify the hypothesis that they are there. (The inertial period at this latitude is 22 hours, and of course cannot be distinguished from a diurnal tide in these few data. It is the semidiurnal part which we shall discuss.) Remembering that these are not measurements made at one position but following a drogue in water of varying depth (and, in the first case, up against a barrier), a central section of 24 hours has been chosen for analysis. The 24-hourly running mean has been subtracted from the GEK data and the latitude and longitude measurements. Then curves of 24 and 12-hour periods were fitted to the north and east components of the GEK, the positions north and east, and the depth of the thermocline.
(Since the variations of latitude and longitude will be the integral of the velocity components, the positions have been analyscd accordingly to compare with the GEK results.) The results of analysis of the 24 hours beginning 1400 PST 22 January 1952 are given in Table 1 .
Comparing the results from drogue and GEK, the differences in amplitudes (especially in the semidiurnal) are not significant. This was to be expected from Figures 2 and 3.
The likelihood that these arc tidal fluctuations can be tested in certain ways for obvious contradicntions.
As models one can take the simple cases of one-and twolayer systems.
I. The one-layer qptem. If the observed oscillation in the current is the tide, the where u is the amplitude of the onshore current and m the frequency. If the current extends to the bottom in depth h, then the resulting rise in the height of the tide Sz will be given by 231 h = S2 1, where I is the distance to the mainland. Using the observed value for the semidiurnal wave, u = 7 cm/see, m = 2n/12 hr, h = 1 km, and 1 = 60 km. Total forward movcment would be 1 km, and the rise in tide would be 17 m, which is about ten times too large. Thus the currents either do not extend to the bottom or else do not obtain over a large area.
Since the oscillations were shown by the GIZK as well as the drogue, a qualitative treatment by Longuet-Higgins et al. (1954) shows that either the velocity varies with depth or the "conductivity" of the sea bed is high. IE the stream extends uniformly to the bottom, is long and straight, and the "conductivity" of the sea bed is low, the towed electrodes will record no signal. If the "conductivity" is high then the potential gradient is small and the current density at the sea surface (which is measured by the towed electrodes) will depend only upon the surface velocity.
If the "con-PD ductivity" is high, 7X >> I, where p and p' arc the resistivity of the water and the sea bed, rcspcctivcly, h the depth J and D the width of the current. Taking p = 25 and pl = dh 2 X IO4 ohm-cm, h = 1 km, D >> p' or 800 km. This is perhaps the right order for a tidal wave, but the velocities have already been shown to be too high. The GEK disposes, in addition, of the possibility that the current extends to the bottom but is narrow.
II. The two-layer system. A very interesting possibility is that these currents are the orbital velocities of internal waves of tidal period. The data can be inserted in the two equations
where c is the phase velocity, u the amplitude of orbital velocity, w the frcqucncy, X the Coriolis term, g the gravity term, h' and h" the thickness of upper and lower layers, respectively, p' and p" the density in upper and lower layers, respcc tively, and { the amplitude of rise and fall of interface. The first is the expression for an internal wave in a two-layer system on a rotating earth (Haurwitz 1950) . The second derives from continuity.
From the measured quantities' assuming a scmidiurnal wave, u is 7.8 cm/ see, h' and h" arc 69 and 1000 m, (1 -$) is 4 X lo-" (taking p" as the mean density below the thermocline) J and r is 6.4 m.
The first equation gives c = 1.6 m/set and the second gives 0.84 m/see. These are at least of the same order when the limitations of measurement and of the two-layer system arc considered. Longuct-Higgins et al. (1954) show qualitativcly that if the velocity varies with depth and the "conductivity" is high, the electrodes will measure a current density which depends only upon surface current.
If the values of phase velocity computed in the preceding paragraph are of the right order then D << 800 km, and the "conductivity" is almost certain to be low. If the "conductivity" is low the towed electrodes will measure (approximately) the difference between the surface velocity and the mean velocity.
In a two-layer system UI h = uz h2, where ul, 242 and hl, h2 are the velocities and depths. of lower layers J respectively. h2 as 69 and 1000 m the upper and Taking hl and hl hz > -Ul and the signal measured by the electrodes depends almost cntircly upon the surface current.
CONCLUSION
A close agreement has been found between individual GEK measurements and the movement of a drogue in a system whose velocity varied with time. Variations of a similar order had been shown in the California Current by the GEK. Because of the possibility that these variations were geomagnetic disturbances rather than water motion, the measurements described in this paper were made. The results imply that the variations represent real water motion. In the California Current the variations in surface velocity arc of the same order of magnitude 5s the mean.
MEASUREMENTS 165
In these data the time variation of current strongly resembles the tide. The observed current was too strong to be the orbital velocity of a wave extending to the bottom over a large area. But the GEK will not measure a current extending to the bottom which dots not cover a large area. Therefore the current measured at the surface did not extend to the bottom.
In the equations of a semidiurnal internal wave phase, velocity can bc computed both from the density distribution and from the observed motion at the surface and the interface.
The observed quantities give results which arc not contradictory.
